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Discrimination of Hanwoo from Holstein/black Angus meat
by PCR-RFLP of MCIR gene
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Abstract : The melanocortin 1 receptor (MC1R) plays an important role in regulation of melanin pigment
synthesis within mammalian melanocytes. Mutations within the gene encoding MCIR have been shown
to explain coat color variations within several mammalian species including cattle. To develope a rapid
and accurate method for the identification of Hanwoo, we performed a modified PCR-RFLP analysis of
MCIR gene using single nucleotide polymorphism (SNP) within MCIR as a target. A size of 538 bp (537
bp for Hanwoo) was amplified by PCR, digested with Hpa 1I, and electrophoresed on a 1.5% agarose
gel. A PCR product from Hanwoo showed a single band of 537 bp, whereas two fragments of 328 bp
and 210 bp were detected in both Holstein and Black angus. The current result suggests that the PCR-
RFLP using our primers and enzyme digestion system would be very accurate, easy and reproducible method
to discriminate between Hanwoo and Holstein/Black angus meat.
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nucleotide polymorphism(SNP)2} #&#H 3t 3'-tailed primer
systeme ©]&-3te] Aol BAEQ] gy |l o]} T}
& B9 FFe] wEyg ®Bagh vk Qo 1]
2E HEe ERHEENA B Hedsts MSH
receptor(melanocyte-stimulating hormone receptor 1;
MCIR) F32k= depd e g4t g2 g8 A=38te &
27 FEAlolth. Xf-sEe] TS AA = tyrosine-
derived melanin®l& F 7HA] A& &, A/ =TS
YENHE phacomelaninz} 221/ A M & Jehl =
eumelanin®] A= o]E2] 4, A4 AE Yo A
A e xdste F M9 #4912 Extention(E)Z
Agouti(Ay7} S83 82 3= Ao] Bl [22]. 2
frE g4 MCIR E4Hel7F RAHe|E otk
Aol o] A Hosk= MCIR fF-32H]
Ed¥elE 7HE3H7] ¢l PCR-RFLP(PCR-restriction
fragment length polymorphism)®2] BlH-S o]&3f 2ol
2] MSH receptor®] A71XE #4437 o] %] &
A missense EHO]7} chestnut W72 23} o]
AL [17], HAANA HAEFST @ BAEE EAUE
MSH receptor 28-S A AR 2™ [14], & [12,
15], B [21] 9] o8 52 gz 2ARold
At A7} o] Fo|H T
AF7HA] F8E MCIR f+22k8] RFLP B & AR
A 5 4 F 212 ok 2 fAE AEst
=t o] AF T8 F 4% metaphore agarose ge
= MRSl 79SSk, o] § [ B F (5]
Z+z} 8%, 13% polyacrylamide geloll 171952 3+
silver staing AFE-JTE o= A3+ 4 A & A
Z}e] DNA = HAEE 5Z o2 3 Zlolt}. o]y
PHE-S ARAF] DNA WE ZEo F2|8A%
o2 YA 7HAEHA AHE-E = agarose gel
AHEEE A9 E Wl vlska Aol H3tst
H]-8-3} AJ7be] ®o] =i o] AT o4 7E
Haks ge] JEelar 7HEshy gkl A A
Feo] 7hsdt A& -5 WHVIeS Ndstast
S99 mAgd #ojst= MCIR 3 7ke] PCR-
RFLPE o] &3l g5-¢ & rAS 71zl =
Holstein ¥ Black angus®] 8-S 98] & A+E 43
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DNAE 97] 98t A= A 5 [1]o] 2Jst whgel =
sto] AAISI T & =37olA4] Holstein 20704, $H5-
2070, Black angus 570A, Hereford 57041, 28] &

A3k so] E3E o] e 94X 9 VA ZRE 7}
7t 252 8E A3 A4 F52 2 B w
2t piste] AT S Holstein 21434 74249
ghe] Egtojefof sl 9= 2o 7k B9
Egol flofok &1, Black angus= e B4 &3
glo] &3] H2ME = 7)Ao, Hereford= 443}
ARte], a2y -2 A3} o] EgtEe] g
o' FFE TR

M =g

DNA £2|

25 4 gooz g DNA £2 2 A= Miller
S [18]9] phenol/chloroform FZ¥He] UF-5 HI 3
AN B3 2]E DNAE TE buffer(10 mM Tris-Cl, 1
mM EDTA, pH 74) A3&S ¥ 50 pgm! $== =
v]3I3A Tt #2]¥l DNAE 1% agarose gel2 AR&-ale] &
1Tt

Primers

GenBank(AF445642)° 5% MCIR f+32+] Bos
taurus melanocortin 1 receptor(MC1R) mRNAE A%
3= ¢cDNA 99 9] E-locus7} E3HE 382004 919WH A
G7IME H-$19] 583 bp THAS SE3}7] 218l primerZ
A forward primerZ 5’-CAGTGCCTGGAGGTGICCAT-
3’9} reverse primer= 5’-GGCCAGCATGTGGACGTAGA
-3’5 ARE3FE], )= Gene Runner™ softwareS A}
|3to] A7l S AAISte] 94 (Bionics, Korea)atSiTh.

PCROl o8t MC1Re| &% A T7|AS

PCR HF$-S 9J8)) uH-3-91-2 template DNA 1 pl, 2+ 20
pM primer 1 pl, MgCl, free 10X PCR buffer 5 p/, 25 mM
MgCl, 5/, 2.5mM dNTP 5 pl, Tag DNA polymerase(5
U)(Promega, USA) 1 W& A7kl Ha5R/TE A7t
sle] & 50 W E ZASATE PCR 530 94°Co)| 4] 5%
7} pre-denaturationdt 5 94°C/30%, 56°C/30%, 72°C/1%
A 3HAR 35 cycles T T mpRELOR 72°Col| A
SEZF extensione A A AT FEFH PCR 2HES
1.5% agarose gelollA] &1}t

Hgtea xzlol 2/st DNA Hot & MI|HE

719522 391%E MCIR §73#2] PCRAHES
Geneclean II kit(Qbiogene; USA)YE AFE-31o] gel elution
S Y3 §, PCRAMES A|Ska 4 Hpa 11 (Promega,
USA)E o|&3ate] Adatint. Adad Aele 10X
elution buffer 2p/, DNA 10pu/, BSA(bovine serum
albumin, 10 mg/m/) 0.5 p/, AT AU Hpa Il 1w, B
FHF 65WE 2ol F 20w 7t FA &t 37°ColA 3



MCIR -%122] PCR-RFLPE ©|-§-8F §+-9-53} 2 &8 /black Angus TY52] & 337
AZF EF ATl F- 1.5% agarose gelS ARE-3te] & M1 2 3 4 §
2l skt =
2 1
538bp
PCROIl 2|8t MC1R REXle| ol 328bp
ghe-9} thE FEFE WEst] 918 MCIR F3A9] 210bp

gelalr] 98 1242 primerS AHg-&te] PCRS S35
A7}, Fig. 1914 B ukel o] BE A5o4 538 bp
o] PCR 2F=g ¥R1E & AT

Fig. 3. PCR-RFLP profiles of MCIR gene digested with
Hpa 11 on a 1.5% agarose gel electrophoresis. Lane M: 100
RFLPO| 2|8t stf|9 T2 bp DNA ladder; Lane 1 represents Hanwoo, lane 2 Hereford,
GenBankdl] 7]%3F MCIR S-A7}F 9714 d AR @ lane 3 Mukwoo, lane 4 Holstein, and lane 5 Black angus.

A8t &4 Hpa 112] 28-S B3l 27019] restriction pattern ;rt}r]:i;szl,rr;zs;f:esct:il\c/te]l(;/ n patterns were shown within the same
o] Uebg A& 448 4 UATHFig. 2). 2 A3, Al
3t &4 Hpa 1IE ©]-&3F RFLP pattern 3-9-9} o2
B FEe] S 7HsA B AT & AT 24 o] (57N A)S} FA T A o] E9kEl W (171
Hpa 12 2]+ A3}, Holstein?} Black angus oA+ Aol AS-E 5G] -9-9} restriction pattern©] 2

F% E5 3287 210 bp A719] EAAHES #EY ofx] FHiEo] HA| skt

AN, F-Fol A= E3N=A] &2 537 bp =719 band

& A% 4 AATHFig. 3). oI5 B3 A T4 Hpa ni &t

IIE ©]&3 PCR-RFLPE §h¢-9F ThE 24 9] 551

Holstein 2 Black angus& 7Z83k= 344 WHAS X5 =2 Pro-opiomelanocotin® ZH-¥ FE %

& 4 AArt. A RE A} w Al o] T3kE2] Hereford melanocotin= F-219] 2 A Eof|A] 2H Zol= A4S A}
T ————_

m angus Hereford = Mukwoo

Fig. 1. MCI1R-specific PCR analysis of Hanwoo, Holstein, Black angus, Hereford, and Mukwoo. PCR products of
538 bp were produced in all cattle meat samples (20 Hanwoo, 20 Holstein, 5 Black angus, 5 Hereford, and 1 Mukwoo).

< Holstein, Black angus > Hpa 1
5 -CAGTGCCTGGAGGTGTCCAT---C|{CGG---TCTACGTCCACATGCTGGCC-3’
3’-GTCACGGACCTCCACAGGTA---GGC| C---AGATGCAGGTGTACGACCGG-5’

< Hanwoo >
5'-CAGTGCCTGGAGGTGTCCAT----CCG----TCTACGTCCACATGCTGGCC-3’

3’-GTCACGGACCTCCACAGGTA----GGC----AGATGCAGGTGTACGACCGG-5’

Fig. 2. Schematic presentation of the location of the amplified fragment in the bovine MCIR gene for PCR test. The vertical
arrows indicate the Hpa Il restriction sites. The primers are underlined.
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=3h= adrenocorticotropic hormone®} A Al oA
dahdg Aol #olsh= melanocyte-stimulating hormone
o2 FA=o] slom A H 757 S ulet
5702] subtypeS & EFHT [20]. 53], X522 &
Aol FHoddl= MCIR F-44 = Weapde] it 9
PE AFdte T2 F&Aolt) o]&2 A/t
As YERE phacomelanint 24 /4478418 UER=
eumelanin®| 979, A4 Ao oA ¢S 2ddh=
F71¢] 3190 Extention(E)s} Agouti(A)ol] T8¢k &
S sh= Aol gAY [22]. Wahd A4S tyrosinasedll
w}2}A] phaecomelanin@} eumelanin AJAjo] 2] W5
3L o] g4 4L extension FHE A= a-MSH
9} MCIR® 2J3ll 2dHt} [9, 14, 15, 22]. MAF
#olslh= MCIR f37ke] EdH0lE AEsl7] S8l
PCR-RFLP £4 W& ©]-8-3 23} MCIRS A4 sh=
A2 WellAe] Edol= &, F, WY, HA, vk
2, o9 5 oy FEF ol B 9} T E o
e Aoz BIFEAL [14, 15, 17, 22].

MCIR F37+8] RFLP WS ARS-3F Sl =&l
A5 RF ek Aa fRAE SEsket 9o Al
3t §4A2 T DNA ZL7]7} ZtolA] 4% Metaphore
agarose gele AHESIALL, o] 5 [4]% A T [5]2
polyacrylamide gelell 271958 S ¥ silver stains A}
B3tk o]& &%F°] DNA A& 43 A2H2] DNA
e AES S0 AMEHIICH o3 EES
AEALZe] DNA AZel FE|sA v v]&3 A|7ko] &
o] EX QA AAEAH AW FHFS 4oA Fal
sto] & ARESHA] v we] AT LEiA B AF
oAM= 1.5% agarose gelihS ARS8l AFE =&3] Wl
A710l A= A, B, AALES ARl gk
S WEyolgt & < Utk

2 Ao E MCIR 747 59407 G &Y 971
7} AR F-9E EFEE design® primerE ©]-8-5}
o] PCRE SFAIZ A3} RE MAA L3 538
bpe] PCR 2HE& &1 5= 3ilnh. 283l ©] PCR 5
FAHEE gel elutions A7 $ Hpa I Al$tE AR 77}
ZHehsk U2 agarose gel W71GEHoz A& 7t
sample®™ RFLP A8 Fig. 29} 7t} Fig 2004 HE
ule} o] Hpa 11 Agta A2 HsldS W MCIR -
AZE 10494 ofm=4ks AR Sh= codonollX G &
A A77F AAERA] %2 Holstein? Black angusi= 328
bpst 210 bp W= FAE AT F AU, Tl
€ G 9 d717F 24E A FelR] egken® 537
bp 2719 & M=E ERIE 4 UL} o|2H] T
3] gh9-¢f Tt B e] FEe AR HolE A& 7k

HepAl A s g F7e] Adanel oJste] AE

& 5 5049 PCR-RFLP FH4A o] golHA
ot 2 A3 A5, e G gk o] E3tE o
A= Hereford 5 #-%-¢] -4 1 A7} opeh-9-ok 2
A GEbETh olg g A g = S5
MCIR F2AE0A G T G717 PP o2 Q1s}e]
dofip=tl] & AFolA AM-H B2 Hereforde} =
= B2F A B §AAS AL Qlemw At
T A9 ge-of A U AYS & Aok
weba] 2 AFA ARESE S-S AAase]
o] 753t 1.5% agarose gel2 A8-3F MCIR 3 #F¢]
RFLP= &% 3958 2453 Black angus§ o=
FE WE¥gs] AT e At s AdA
Ae hEolgt A, d5E7t Y ANRE B
sta f5 3 5 dAste 3 EASS Al 41
7] NS G5 7171 3 2R} s Z3AIA
&4 9 FEE Eola 4o AREE A
T dom Yo7t feHE T Aafo] S0 E F
e TARE HAY 5 Ae Aol AE 31K
T A AT ol H 7R =
=g G E BlHee =
Feth el SEvEre] FYSFl A ol
A EEF (Hereford 5)31 2 Azkahd
of A EFe] RARESE ERE gYol
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